Introduction
The South Sumatra Basin (SSB) Province consists of several structural sub-basins with Tertiary sedimentary section lying unconformably on the eroded and faulted topography of pre-Tertiary metamorphic and igneous rocks [1] .
Regional Geology & Stratigraphy of South Sumatra Basin (SSB)
SSB is one of the most hydrocarbon prolific Tertiary back-arc basins today which located primarily onshore Sumatra, Indonesia. The province covers an area of approximately 117,000 km 2 consists of Tertiary half-graben basins infilled with carbonate and clastic sedimentary rocks. It was formed as a pull-apart basin related to NW-SE trending dextral strike-slip faulting.
SSB is divided into several sub-basins: Jambi, North Palembang, Central Palembang, South Palembang, and Bandar Jaya Basin [2] (figure 1). It experienced three tectonic deformation phases: Mesozoic compressional, Eocene-Oligocene extensional and Pliocene-Pleistocene compressional tectonics. 
Fracture Identification: References Cited
Fractures are planar features with no apparent displacement in geological formation [5] . Fractures in limestone can be found in a wide range of scales from millimeters to tens of meter long. In general, four different types of fractures can be found: shear fractures, extensional fractures, stylolites and vuggy-a solution enlargement fractures [6] . Fracture-porosity is estimated from core laboratory tests or formation imaging using FMI or FMS methods, because there are no conventional well log tools that can directly determine fracture porosity [2] . Resistivity images respond to electrical contrast as fractures are generally resistive or conductive relative to the host rock. (Figure 3 ). Figure 3 . a) Bed classification and tools used for analysis, b) Lithological index log. The green color refers to the shale group and the yellow color refers to the sand and carbonate groups [7] .
Much effort has focused on measuring amplitude variations with offset (AVO) for seismic reflections from a fractured reservoir [8, 9, and 10] . Amplitude variation with offset and azimuth (AVOA) has been widely used to identify the orientation of vertical fractures with variable levels of success [11, 9, 12, and 13] . In these applications, the fractures are assumed to be small relative to the wavelength of the seismic waves. This allows the fractured medium to be modeled using an equivalent anisotropic medium.
The presence of hydrocarbons, especially gas in sand reservoirs, commonly creates the 'hockey stick' effect in the common midpoint (CMP) gathers when normal moveout (NMO) corrections have been applied, indicating that a faster NMO velocity is required to flatten the reflection events. Prior to scanning the amplitudes within CMP gathers, it is common practice to apply a time-offset mute to remove overcorrected traces, or to apply trim statics to force reflection events to be flat. A new method for calculating the correct Vrms automatically was developed without scanning the set of velocities, but by considering only the Local Even Correlation (LEC) of adjacent traces from the nearest to far end offset. The proposed method honors changes of velocity in each offset. Therefore, any anisotropic characters in the CMP gather will be measured automatically. This principle is simple, but requires high signal-to-noise-ratio data and good event continuity along the offsets within the CMP gather.
Velocity versus Offset

Offset-dependent velocity estimation
Velocity extraction from seismic data is formulated from the NMO equation. The CMP gather is first NMO-corrected using the initial stacking velocity, V Stk [14] . An offset-dependent moveout velocity, Vh j , is then calculated independently for each offset X j by assuming moveout is hyperbolic:
T j is the traveltime at offset X j assuming hyperbolic moveout at the initial stacking velocity. In Equation 1, ∆t j is the residual moveout at offset Xj, and is equal to the time shift measured using LEC method. The nearest-offset trace is used as the reference for measuring residual moveout on the other traces. Vh can be calculated for each individual offset across the CMP gather. Equation 1 thus acts as an operator to transform CMP data from amplitude gathers into velocity gathers. The VVO analysis is then carried out on the velocity gathers. The output Vh gather can be stacked or averaged to a) b) produce a high resolution velocity field for NMO correction. Partial stacking can also be done to extract near-and far-offset velocity fields. The difference between far-and near-offset Vh values provides a quick scan of velocity gradient in the VVO method.
Figure 4.VVO attribute analysis workflow
The velocity analysis window was set to 40 ms and designed to follow the reflection curvature across offsets. The time step for calculating Vh is half of the analysis window, so the window steps downwards with 50% overlap over the record length. The complete workflow for VVO attribute analysis is shown in Figure 4 above.
Fracture Modelling
A great deal of research has focused on the applicability of finite difference (FD) methods to modeling seismic scattering phenomena. In particular, [15] test the performance of [16] equivalent medium anisotropic cell approach for FD modeling of discrete fractures. The FD method is advantageous when modeling the scattering effect of discrete fractures because of its stability over a wide range of material property contrasts and its ability to model all wave types with minimal numerical dispersion and anisotropy.
Our numerical experiments use a simple reservoir geometry consisting of three horizontal layers. The first and third layers bound the reservoir and are homogeneous and isotropic with the same material properties. The model uses a standard surface seismic reflection acquisition geometry, however, the source and receivers are embedded within the first layer to eliminate free surface effects. The receiver spacing is 20-m with the maximum source-receiver offset at 4000-m which corresponds to a maximum angle of incidence of 45° relative to the top of the reservoir ( Figure 5 ).
Snapshots of the wavefield in the presence of discrete fracture zones highlight the different scattering events and their interactions. Figure 6 shows the vertical component of velocity after 0.6-second. We see that the P-wave reflection from the top of the reservoir remains relatively coherent, while the Pwave reflection from the base of the reservoir is much more effected by the presence of the discrete fractures. This figure also illustrates the difference in coherence of the scattered wavefield normal and parallel to the fractures. Normal to the fractures, interference of scattered waves from the fractures results in a complex wavefield (Figure 6a ). Fractures act as secondary sources with observable forward and backscattering as well as multiple scattering events. Parallel to the fractures the wavefield is much more coherent and the fractures appear to act as waveguides (Figure 6b ). 
Result & Discussion
A CMP gather was generated using the elastic wave equation. The gather was NMO corrected using the initial stacking velocities estimated from the (vertical) interval velocities in the input model. The reflection event from the top of the fracture zone is flat and strong across all offsets. However, the reflection from the base of the fracture gas zone is only relatively flat up to mid-offsets. At the far offsets, the reflection event curves upwards indicating anisotropy in the fracture gas reservoir. VVO analysis was done on this simple CMP model over the fracture gas reservoir, as seen on Figure 7 . Analysis of the hyperbolic moveout velocity was carried out on the base reservoir event using the LEC method and Equation 1. Computed offset-dependent RMS velocity increases with offset ( Figure 7c ). At location where the amplitude is bright, the Vh gradient is also positive (bright) as indicated by red to yellow colours. The Vh gradient is one product from direct velocity scanning of RMS velocity gathers. Before deriving the gathers for interval velocity Vint, the Vh gathers have to be converted to Vint gathers using a smoothing gradient equation. Linear regression is done on the Vint gathers to derive interval velocity gradient. Figure 8 shows the Vint gradient attribute across the seismic line. The Vint gradient also exhibits high positive anomalies localized at location of fracture reservoir zone (Higher interval velocity gradient). 
Conclusion
The Vrms field produced by the LEC method is a high-resolution velocity field. This high-resolution velocity field is very useful, for instance for developing a velocity model for depth conversion and for pore pressure prediction. The VVO method is not affected by processing algorithms and parameterization, unlike the AVO method. Observations from VVO attributes of hyperbolic moveout velocity gradient and interval velocity gradient that fracture reservoir zone with gas accumulations is more easier to identified. Meanwhile, the existence and orientation fractured zone are recognized in FMI logs of study wells due to the overall good quality of electrical images which can be used as reservoir characterization and fracture determination as good as the results of prospect development.
